Context. Jets and outflows are key ingredients in the formation of stars across the mass spectrum. In clustered regions, understanding powering sources and outflow components poses a significant problem. Aims. To understand the dynamics in the outflow(s) from a cluster in the process of forming massive stars. Methods. We use new VLA observations of the molecular gas (SiO, CS, OCS and H 2 CO ) in the massive star forming region IRAS 17233-3606 which contains a number of HII regions. We compare these observations to previously published molecular data for this source in order to get a holistic view of the outflow dynamics. Results. We find that the dynamics of the various species can be explained by a single large scale (∼ 0.15 pc) outflow when compared to the sizes of the HII regions, with the different morphologies of the blue and red outflow components explained with respect to the morphology of the surrounding envelope. We further find that the direction of the velocity gradients seen in OCS and H 2 CO are suggestive of a combination of rotation and outflow motions in the warm gas surrounding the HII regions near the base of the large scale outflow. Conclusions. Our results show that the massive protostars forming within this region appear to be contributing to a single outflow on large scales. This single large scale outflow is traced by a number of different species as the outflow interacts with its surroundings. On the small scales, there appear to be multiple mechanisms contributing to the dynamics which could be a combination of either a small scale outflow or rotation with the dynamics of the large scale outflow.
Introduction
Although high mass (M> 8 M ⊙ ) stars may form in isolation (de Wit et al. 2004) , most form in clusters with an associated initial mass function (IMF) of lower mass stars. Indeed, it is the clustered nature of high-mass star-formation that is often cited as one of the key hurdles (along with large distances and high radiation pressures) in our understanding of the formation of these stars (Zinnecker & Yorke 2007) .
In attempts to overcome the hurdles of large distances, many studies focus on the large scale structures (i.e. outflows) and generally attribute the largest outflow to the most massive star in the region. Once this large scale outflow is identified, efforts are subsequently concentrated for finding signatures of a rotating disk. In this manner, many smaller scale rotating structures have been found surrounding massive (proto) stars (i.e. Beuther et al. 2009; Klaassen et al. 2009; Beltran et al. 2011) There has long been speculation about the nature of outflows from massive star forming regions, specifically as to why their energetics seem to scale super-linearly with stellar mass from the low mass regime (i.e. Duarte-Cabral et al. 2013) . Some argue that opening angles widen with age or stellar mass (e.g. Shepherd 2005) , while others suggest precession may lead to lowering the collimation (e.g. Raga et al. 2009) , and there are still further theories suggesting how the competing outflows ⋆ pamela.klaassen@stfc.ac.uk from the various accreting protostars interacting with each other produce the large scale wide outflows seen in high mass regions. This is in addition to the mechanisms responsible for explosive events like those seen in Orion BN/KL (Zapata et al. 2009 (Zapata et al. , 2010 IRAS 17233 is a nearby (1kpc, Leurini et al. 2013) highmass star forming region containing multiple HII regions of various sizes and likely evolutionary states. In this study, we focus on the emission from, and dynamics of the molecular gas associated with the HII regions in the VLA1 and VLA2 regions as defined by Zapata et al. (2008) .
In VLA1, the spectral energy distributions (SEDs) of the continuum sources are consistent with optically thin HII regions (Zapata et al. 2008) . In VLA2, the SEDs of the brightest objects (VLA2a,b) indicate Hypercompact (HC) HII regions, while the SEDs of the VLA2c,d could either be interpreted as due to HCHII regions or highly dusty disks.
Previous observations of the molecular gas in this region have concentrated primarily on the CO J=2-1 (i.e Leurini et al. 2009, at 5.4×1.9 ′′ ) and SiO J=5-4 (e.g Leurini et al. 2013, at 3.2×2.5 ′′ ) emission, and have identified three distinct outflows coming from the VLA1-2 region. The multiple outflows were identified by being spatially distinct, and the emission coming from distinct velocity intervals (Leurini et al. 2008) .
In this study, we incorporate these observations with new high resolution Karl G. Jansky Very Large Array (VLA) observations of SiO, CS, and other species to present a new interpre- tation of the outflow(s) from this system, as well as the smaller scale dynamics in the VLA1-2 region.
Observations
Here we present VLA observations of IRAS 17233-3606 which was observed on 27 May, 2013 in the CnD hybrid configuration with the Q band receiver. There were eight narrowband spectral windows, and eight wideband. The narrowband windows had a spectral resolution of 125 kHz and bandwidth of 32 MHz (256 channels), while the wideband windows had a spectral resolution of 2 MHz and bandwidth of 128 MHz (64 channels). The total execution time of the observations was four hours, with 136 minutes on source. J1256-0547 was used as the bandpass calibrator and J1626-2951 was used as the gain calibrator. The flux calibrator was 3C286.
The data were calibrated in CASA (McMullin et al. 2007 ), self calibrated on the continuum, and natural weighting was used when imaging. The continuum emission was taken from the eight wideband spectral windows, and has an rms noise of 0.37 mJy/beam in a 2.80 ′′ × 1.69 ′′ beam at a position angle of 29.5
• . SiO, CS, H 2 CO , and OCS were observed for this source, and the transitions, observing frequencies, rms noise limits and beam sizes are listed in Table 1 . The rms noise limits in these 
Results

Large scale outflow traced by CS and SiO
CO, CS, and SiO are good tracers of outflow dynamics, but for very different reasons. CO is good for tracing the high velocity molecular outflow because of its high abundance. Nearer the source velocity, the line becomes optically thick and we can only trace surface layer dynamics. CS, a less abundant molecule, is better for tracing the higher density gas when CO becomes optically thick. In the ISM, Si is frozen out onto dust grains, but can be liberated through the passage of shocks, allowing it to be observed (e.g Gusdorf et al. 2008 ). Thus, a combination of observations of these three species gives an excellent view of molecular outflows and how they interact with their environment.
Of the species directly observed for this study, CS is the most extended. The blue shifted emission to the North-East has an extent of ∼ 12 ′′ , while the red shifted emission to the South-West has an extent of ∼ 25 ′′ . Our observations are sensitive to structures 60 ′′ , and so it is unlikely we are missing flux in these observations. No single dish observations of CS J=1-0 exist for this source, so we cannot directly confirm this. However, IRAS17233 was observed in CS J=2-1 by Bronfman et al. (1996) . Using the online RADEX calculator (van der Tak et al. 2007) , and an ambient temperature of 30 K, we find good agreement (to within ∼ 20%) between these two sets of observations and the expected line ratio at this temperature.
The extended emission regions of CS correspond well to the 'HV' CO ([-130,-25] and [16, 50] km s −1 ) emission regions presented in Leurini et al. (2009) , and plotted with CS in Figure  1 . The velocities of the CS gas here are a factor of 2.5 lower than those of the 'HV' gas suggesting these species are respectively tracing layers of higher and lower density within the same outflow. It is interesting to note that the two blue 'EHV' CO ([-200,-130] and [90, 120] km s −1 ) peaks appear at the ends of the CS and 'HV' CO outflow components. These similarities between the CS and CO emission indicate that these two species are tracing the same outflow, only highlighting the gas at different densities and velocities. in Table 2 we present the outflow dynamics calculated from the CS emission presented here. We note that while CS does appear to trace much of the outflowing material, it is only through the combination of observations of multiple tracers that we are able to piece together the full extent of the outflow. Thus, since the CS does not trace the full outflow, the derived outflow parameters are lower limits to the true mass, and energy of the outflow itself. The outflow dynamics were calculated using the same methods described in Peters et al. (2014) or Klaassen et al. (2013) using an ambient temperature of 30K, and a CS abundance of 10 −6 (Shirley et al. 2003) . The age of the outflow was estimated by dividing the extent of the CS emission by its mean velocity, and then used to calculate the outflow luminosity and mass loss rate.
The SiO however, appears to be tracing two distinct shock components. The first moment map of SiO presented in Figure  2 shows highly blue and red shifted emission close to VLA1-2, with lower velocity gas wrapped around it. Examining the spectral decomposition shown in Figure 3 highlights these two components. In both the red and blue shifted lobes, there exists a narrow (FWHM ∼ 5 km s −1 ), low velocity (3-5 km s −1 from V LSR ) component as well as a broad (FWHM ∼ 10 km s −1 ), high velocity (16 km s −1 from V LSR ) component. When analysing these gaussian components, the peak velocities and gaussian widths were allowed to vary slightly (they were held to within 1 km s −1 ), while the amplitudes allowed to freely vary.
Using the Gaussian peak velocities and their widths, we created the integrated intensity maps presented in Figure 4 . This suggests that there are two sets of shocks in this region; high velocity near the outflow core, and lower velocity where the outflow is interacting with the envelope. Figure 3 . The SiO emission is superimposed on the H 2 emission from the VLA1-2 region (greyscale). In each case, the contours of the SiO emission are set at 10, 20, 30 and 40 σ. From these images, the spatial distribution of the two components can be seen, with the lower velocity shocks tracing the edges of the outflow cavity, and the high velocity shocks tracing the powered jet/outflow close to the HII regions in the centre of the emission.
Small scale dynamics
Tracing the large scale outflow to its powering source(s) is impossible with the these data because other motions appear to dominate the small scale ( 0.01pc) emission. The direction of the velocity gradient on small scales is different than on the large scales, as shown with lines in Figures 2 and 5.
A&A proofs: manuscript no. SiO_17233 Both CS and SiO are strongly peaked in the central region concentrated on VAL1-2. Indeed, to its 50% emission contour, CS appears broadly gaussian, the parameters of which are given in Table 3 .
On these smaller scales, all of the molecules observed for this study have velocity gradients along the same direction, tilted by 45
• from the position angle of the outflow (see the dashed and solid lines in Figures 2 and 5 ). We will focus our analysis of these velocity gradients on OCS and H 2 CO which only sit on these smaller scales. The conditions required to excite these species are denser and hotter than the other observed tracers making them ideal for understanding these dynamics.
OCS is generally only found when temperatures rise above 200 K (Jiménez-Serra et al. 2012) . H 2 CO is formed on dust grains, and thus requires warm temperatures to be liberated. Their abundances can also be quite low in comparison to CS and CO. The abundance of OCS is observed to be ∼ 2.2 × 10 −8 with respect to H 2 (Charnley 1997), and the abundance of H 2 CO varies between 10 −9 − 10 −10 between regions (e.g. Ginard et al. 2012; Noble et al. 2012; Guzmán et al. 2011) . The combination of high excitation temperatures and low abundances means that both OCS and H 2 CO trace the inner (warm) areas near the HII region.
Both OCS and H 2 CO emit in roughly Gaussian regions, the parameters of which are given in Table 3 . From these fits, we see that this emission is well resolved by our observations. The velocity gradients calculated from the velocity shifts in the emission (∼ 8 km s −1 ) and the sized of the emitting regions are listed in Table 3 , as are the internal masses which would be required to support these velocity gradients if they were due to purely Keplerian rotation.
That these velocity gradients are at 45
• to the outflow and not perpendicular as would be expected from a traditional disk/outflow system suggests that there is some other mechanism contributing to these dynamics. The nature of this emission is discussed further in Section 4.2.
Using the methods described in Klaassen et al. (2009) , we calculated the gas mass from the emission of OCS. To do this, required a number of assumptions. The first, that the OCS is optically thin, comes from comparing the OCS intensity to that of O 13 CS where the O 13 CS peaks in our observations. The second is that the temperature of the OCS gas is 300 K, stemming from requiring a minimum temperature near 200 K for the emission to appear. Varying the temperature by 100 K up or down only changes the results at the level of 10%. The third assumption is that the abundance of OCS is 2.2×10 −8 (Charnley 1997). From these assumptions, we derived a gas column density, which we multiplied by the emitting area delimited by the semi-major and -minor axes listed in Table 3 . Through this analysis, we determine a gas mass of ∼690 M ⊙ in the OCS emitting region.
Discussion
Large scale outflow
Contrary to previously published high resolution observations of this region (e.g. Leurini et al. 2008 Leurini et al. , 2011 Leurini et al. , 2013 , we suggest that there is only one large scale outflow from the VLA1-2 region of IRAS 17233, and that the various molecules detected in this region are simply tracing its various components. A simple cartoon of the various outflow components is given in Figure 7 to help guide the reader through the following arguments.
Here we first discuss how the various species are tracing a single outflow in the blue-shifted lobe, and then extend our analysis to the more complicated red-shifted lobe.
In this picture, the highest velocity SiO emission is tracing the shocks produced, centrally, by the infall/accretion driven outflow. The lower velocity SiO is in turn tracing the shocks produced as the outflow hits the relatively high density material at the edges of the outflow cavity.
The 'HV' CO component as well as the CS emission are both tracing the bulk of the outflow emission within the well defined outflow cavity (delineated by the lower velocity SiO emission) as shown in Figure 1 . At larger distances from the powering sources in VLA1-2, where the CS and 'HV' CO emission starts dropping off, the 2.12 µm H 2 emission shown in Figures 4 and 8 begins to become stronger.
This detection of H 2 as the CS and CO emission becomes weaker suggests lower extinctions, and by extension, lower density molecular gas. This simultaneously explains why the CO and CS emission fades further from the source: at the edges of the envelope from which the stars in VLA1-2 are forming. Figure 2 . The seven ellipses (labelled a-g) shown in this middle panel correspond to the regions over which the spectra in the correspondingly labelled panels were averaged. The vertical blue line in each spectral panel corresponds to the V lsr of the source (-3.4 km s −1 ). The blue and green curves in these panels correspond to the narrow, low velocity (blue) and broad, high velocity (green) components of the outflow, both red and blue shifted from the rest velocity.
As the outflow continues outward, it encounters more rarefied gas. As the outflow moves though the lower density material outside of the shocked envelope, it begins impacting onto this material and entraining it. This explains the two 'EHV' CO emission features at the tips of the low velocity SiO shocks. The conditions in the 'EHV' region must not be right for the outflow to create C-shocks (and form SiO), but it is still present and entraining CO.
Further still from VLA1-2 is a bright clump of H 2 emission (towards the top of Figures 4 and 8, in greyscale and green, respectively). This could be tracing the area where the outflow is hitting the (relatively) static ambient medium. Indeed, the H 2 at the head of the outflow has a bowed morphology.
Thus, the blue shifted emission of various molecules to the North-East of VLA1-2 can thus be explained by a single outflow interacting with an environment with changing characteristics.
Interpreting the redshifted emission is not as straight forward. However, using the assumption that there is a large scale outflow in this system, the various components of the red-shifted emission can be explained.
The 'HV' CO to CS relationship is not quite as clear in the red-shifted outflow lobe. Near the central core of VLA1-2, and along the (narrow) core of the outflow, the two species appear to be tracing the same gas, however the bulk of the 'HV' CO emission tends to bend southward from the main outflow direction once it has left the central core.
Simultaneously, there is 'EHV' CO emission even further South than the 'HV' CO. Again, as with the blue-shifts outflow lobe, there is a clear edge to the CS emission where the 'EHV' CO emission begins (See Figure 1) . Here, we suggest that this CO emission (at higher velocities than the CS) may be tracing the less dense gas surrounding the VLA1-2 region; that the outflow has been able to punch through the edge of the envelope at this location. This then leads to the conclusion that the CS is tracing entrained envelope material, and the 'HV' CO is tracing the outflow material that has not been slowed down by the envelope. This conclusion also explains the red 'EHV' CO near the core of the VLA1-2 system. The red-shifted outflow has managed to break free of the envelope (there is no CS emission), and expand freely, at high velocities, into the low density ambient Figure 2 , and the dashed black line shows the direction of the velocity gradients indicated here. The colour scales in each panel are identical, which indicates that the H 2 CO has a larger velocity gradient than the OCS, since they emit on roughly the same spatial scales. medium. This 'early' breakout into the ambient medium of the red-shifted outflow lobe explains why there is no double walled outflow cone in the red-shifted material that mirrors the one seen in the low velocity blue-shifted SiO.
In Figure 9 we show the Position Velocity diagram of the CS and SiO emission along the direction of the solid grey line in Figures 2 and 5. We see a butterfly morphology in the SiO emission reminiscent of both the jet and outflow structures seen in CO and SiO (respectively) in the low mass region L1448 by Hirano et al. (2010) . Our SiO shows both of these components, in a single tracer. In the SiO emission (colourscale) we see both the low and high velocity components of the SiO emission. Because SiO is a good tracer of shocked gas (see, for instance, Gusdorf et al. 2008) , these two SiO components are likely tracing two different shock regions associated with this outflow. The first, high velocity shock region, is showing the energetic outflow coming from the protostars, while the second, low velocity shock region, is showing the interaction of the outflow with the cavity wall. That these various components are symmetric about the VLA1-2 region in terms of red and blue shifted material, suggests we are What is causing this single, large scale, outflow is not completely clear. If there is a single massive forming star responsible for this outflow in either VLA1 or VLA2, we are unable to distinguish it using our observations. The VLA1-2 region appears to be embedded in a rotating structure spanning a few thousand au, and the powering source for the large scale outflow is embedded within it.
Alternatively, Peters et al. (2014) suggest a scenario in which multiple massive protostars may be collectively contributing to the one large scale outflow observable in massive star forming regions. In their scenario, the protostars form within a rotating envelope, and form in a relatively co-planar manner. They find that there is a single 'collective' outflow produced in their simulations, and that the contributions from the different protostars cannot be disentangled. It is possible that we are observing one of these 'collective' outflows in IRAS 17233, however we cannot exclude the simpler explanation of a single and dominant protostar being responsible for the single large scale outflow. as well as general CS emission are labelled, and the envelope through which the outflow is expanding is shown with a grey oval. Note that the ends of the outflow extend further than the envelope, explaining the presence of EHV CO at the ends of the outflowing structure. The presence of an H 2 emission feature to the North of the outflow is also depicted here.
Small scale dynamics: a combination of rotation and outflow
While we cannot rule out that there is a small scale outflow at a 45
• to the large scale one (OF1 in the nomenclature of Leurini et al. 2008 ), here we explore the possibility of the small scale velocity gradient resulting from a combination of rotation and outflow motions.
As shown in Figures 5 and 6 , the emitting regions for OCS and H 2 CO are spatially similar, and both are quite circular despite being well resolved with our VLA beam. The emission peaks are separated by 0.3 ′′ (300 AU), which is significant given our beam size (∼ 2") and signal to noise ratio (∼ 500) for these species. We note that both peaks lie along the line joining VLA2a and VLA1b, as well as the axis of the velocity gradient. The velocity gradients of the emission from these two species have the same position angle (∼ 60
• , see Figure 5 ) and are therefore probably tracing similar gas components. The position angle (highlighted by a dashed black line in Figures 2 and 5 ) is at about a 45
• angle to the large scale outflow direction (highlighted with a solid grey line in the same figures). That there is a 45
• angle, instead of the small scale velocity gradients being parallel or perpendicular to the large scale outflow suggests that OCS and H 2 CO are tracing a combination of velocity structures. Leurini et al. (2011) suggest that the observed velocity gradient seen in their CH 3 CN (see their Figure 9 ) was likely due to the combined effects of two outflows. Beuther et al. (2009) , who observed this velocity gradient in ammonia, attributed it to (non-Keplerian) rotation of the envelope from which the cluster is forming.
We propose a common ground between these two explanations. We suggest that these species, as well as the CH 3 CN and OCS observed by Leurini et al. (2011) , are tracing a combination of outflow and rotational motions. This proposal is based on comparing the observed velocity gradients (including their position angles) to toy radiative transfer models similar to those presented in Wang et al. (2012) . Wang et al. (2012) showed that when both rotation and outflow motions are included in radiative transfer modelling, the position angle of the velocity gradient shifts depending on the relative velocities of these two components. We applied similar modelling techniques, as described below.
Without tweaking outflow and rotation parameters to explicitly model IRAS 17233, we set up LIME (Brinch & Hogerheijde 2010) radiative transfer models of our observed species. A brief discussion of the models can be found in Appendix A A&A proofs: manuscript no. SiO_17233 The SiO emission in particular shows both high and low velocity components, while the CS traces an arc with both high and low velocity gas. These patterns are best seen in the blue shifted material.
We find that to reproduce the position angle of the H 2 CO and OCS velocity gradients requires rotational velocities approximately three times greater than outflow velocities at a characteristic radius of 1000 AU (1 ′′ ). On these size scales, we cannot separate out purely rotational or outflow motions, however we can take the characteristic SiO velocities discussed in Section 3.1 as a proxy, and calculate rotational dynamics from that. The characteristic velocities of the SiO (5 and 16 km s −1 with respect to the rest velocity of the source) correspond to rotational velocities of 15 and 48 km s −1 , which we further assume hold at 1000 AU. If the gas were undergoing Keplerian motions, we would expect internal masses of 250 and 2600 M ⊙ for the two SiO components. The first is a third of the gas mass derived above from the OCS emission, and the second is larger than the gas mass of the entire region. If this velocity were achieved at radii differing from 1000 AU, the mass would increase (for larger radii) or decrease (for smaller radii) linearly with the radius. To reach the 690 M ⊙ calculated for the gas mass would require a characteristic radius of 3000 AU, which is only slightly smaller than the radius of the OCS emission.
Conclusions
We have presented molecular line observations of the gas in the massive star forming region IRAS 17233-3606, and find that despite there being multiple HII regions in the VLA1 and VLA2 regions (as defined by Zapata et al. 2008) , there is a single large scale (∼ 0.15 pc) outflow coming from these HII regions. These outflow motions are traced by SiO, CS and previously published CO and H 2 emission in this region. Our results show that despite there being multiple sites of massive star formation within VLA1-2, there is likely only one large scale outflow from the system. The large scale SiO emission appears to break down into two components; a small scale highly collimated, high velocity emission component, and a larger scale, lower velocity component. The first component traces shocks produced by the powered outflow itself, while the second, larger scale component traces the shocks at the edges of the outflow cavity.
The emission from OCS and H 2 CO are on much smaller scales, and the velocity gradients seen in their emission could be due to a combination of a rotating envelope around VLA1-2, and material being swept up into the large scale outflow traced by SiO, CS and CO. We find that the implied masses from the small scale velocity gradients (∼ 250 M ⊙ ) are consistent with forming a few massive stars, and are are approximately a third of the mass determined from the integrated intensity of the molecular emission (∼ 690 M ⊙ ). Toy radiative transfer models showing how rotational and outflow motions can combine to produce a velocity gradient that is halfway between the directions of the two dominant dynamical processes. From top to bottom, the panels show outflow motions only, rotational motions (perpendicular to the outflow) and the combined effects of the two when the outflow velocities are one third those of the rotational velocities at a radius of 1000 au. 
